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Abstract 
The purity of CO2 influences on energy performance in CO2 capture process. The effects of that were evaluated for 
post-combustion capture and pre-combustion capture using a process simulation method. In post-combustion capture 
using a chemical solvent, high purity CO2 with the concentration of more than 99% was easily obtained, but a large 
reboiler heat duty was required. In pre-combustion capture from IGCC syngas using a physical solvent, CO2 purity 
changed by operating conditions such as the pressure of a flash tank. Since energy requirement gradually increased 
with increasing the CO2 purity and steeply increased when the CO2 purity reached 99%, CO2 purity of below 99% 
will be reasonable for the physical absorption. Membrane also should be operated under not so high CO2 purity 
condition to attain an energetic merit. Around 95% should be a reasonable CO2 purity. 
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1. Introduction 
Carbon dioxide capture and storage (CCS) is a realistic countermeasure against global warming. In this 
technology, CO2 from combustion of fossil fuels and industrial processes is captured, transported to 
storage site and stored deep underground. Features of CO2 for the storage should be conceptually required 
to be a high CO2 concentration, but that has not been necessarily established. It is important to discuss 
CO2 purity from the viewpoint of energy and cost requirements of the CO2 capture process.  
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A prompt CO2 capture technology is expected to mitigate CO2 emission from coal-fired power plants. 
Most extensively studied and currently accepted method is chemical absorption where CO2 can be 
captured by a specific chemical interaction between a chemical absorbent and CO2 (post-combustion 
capture). However, its CO2 capture cost is estimated to be more than half of CCS cost in the current 
technology stage. Therefore reduction of the CO2 capture cost is important for practical application of 
CCS. Another promising means of reducing CO2 emission is an integrated coal gasification combined 
cycle (IGCC) with CCS [1-3]. In this process, CO2 capture technologies for high pressure gas (pre-
combustion capture) will play an important role and have a large possibility to reduce energy 
consumption and CO2 capture cost. 
Absorption, adsorption and membrane separation technologies can be used for the pre-combustion 
capture. Selexol process is one of the pre-combustion capture technologies. It is a physical absorption 
process, which is already commercialized and installed into industries, such as production of natural gas. 
A membrane separation is another pre-combustion capture technology. It has a potential to reduce energy 
consumption drastically. Currently, a large worldwide R&D effort is in progress aimed at the manufacture 
of more suitable membrane materials for CO2 capture in large-scale application [4, 5]. However, pre-
combustion capture has a possibility to contain impurities in CO2 stream. Additionally, CO2 purity of 
recovered gas from CO2 capture process has the influence on energy requirement for the CO2 capture 
process. 
This study investigates the relation between CO2 purity and energy requirement for CO2 capture 
process. Three different CO2 capture processes such as post-combustion capture with a chemical solvent, 
pre-combustion capture with a physical solvent and pre-combustion capture with a membrane were 
individually analyzed using a process simulation method. Reasonable CO2 purities for individual CO2 
capture processes were discussed. 
 
2. Methodology 
In order to mathematically analyze CO2 capture processes, we used process simulation software, 
Aspen Plus®. This software can calculate composition and enthalpy of streams in each process unit, to 
establish heat and mass balances in a total process system. For each CO2 capture process, sensitivity 
analysis was carried out to evaluate the effects of operation conditions on CO2 purity of captured CO2 and 
energy requirement. 
2.1. Post-combustion capture 
For post-combustion capture with a chemical solvent, CO2 capture from a flue gas of coal-fired power 
plant using an aqueous monoethanolamine (MEA) solution was analyzed. The flue gas contained 12% of 
CO2 and flowed into an absorber in an atmospheric pressure condition. The flue gas volume was 
comparable to that of a 100MWe power plant. Concentration of the aqueous MEA solution was 30wt% 
and a liquid-to-gas ratio was 4.5 kg/Nm3. A simple process flowsheet configuration, similar to the 
chemical absorption processes shown in the previous papers [6, 7], was applied to the simulation of the 
post-combustion capture. A reboiler heat duty for desorption of CO2 from a CO2-rich solvent at stripper 
was regarded as energy requirement of the post-combustion capture with a chemical solvent. 
2.2. Pre-combustion capture 
For pre-combustion capture, CO2 capture from desulfurized and CO-shifted syngas in the IGCC plant 
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was investigated using Aspen Plus® in the same way as the previous study [8]. The IGCC is a more 
efficient and environmental-friendly power generation system with growing worldwide interest in a 
greenhouse gas mitigation option. A 300-400 MWe IGCC plant with CCS were considered. A water gas 
shift reaction process is introduced into the IGCC as an upstream unit of the CO2 removal process to 
introduce CCS technology to the IGCC. The syngas was a pressurized gas of about 3.8 MPa and 
contained 38% of CO2. Physical absorption and membrane separation were evaluated for pre-combustion 
capture. 
Selexol process, typically employing for recovery of CO2 from a high pressure gas, was investigated as 
a physical absorption process. Figure 1(a) and 1(b) show the process flow diagram. Desorption with 
multi-stage flash tanks leads low energy consumption for CO2 capture. Selexol was a patented physical 
solvent and pentaethylene glycol dimethyl ether was used as its model material in this study. The flow 
diagram shows the installation of flash tank, “SUMPTANK”, for CO2-rich solvent before the multi-stage 
flash tanks and there is a recycling loop of flashed vapor in the diagram. For the sensitivity analysis, a 
pressure of the flash tank was set to the range from 1.4 MPa to 2.8 MPa. 
As CO2 capture with a membrane technology, we discussed a single-stage and a two-stage membrane 
separation processes as shown in Figure 1(c) and 1(d). The syngas is fed into a feed side of a membrane. 
Permeate and retentate pressures were set to 0.10 MPa and 3.74 MPa, respectively. In the case of the two-
stage membrane separation, the permeate gas of the first-stage membrane was recompressed and fed into 
a feed side of a second-stage membrane. 
Firstly, the effect of separation factors of CO2 over H2, αCO2/H2, on CO2 purity for the single-stage 
membrane separation process was analyzed. The separation factors were set to 10, 30 and 100 in 
consideration of R&D progress [4, 5]. Then, comparison between single-stage and two-stage membrane 
separations was carried out. In this study, equal values of the separation factors of CO2 over H2, αCO2/H2, 
for the membrane was given to “SEPARATOR” block of Aspen Plus®. 
 
 
(a) Diagram of pre-combustion capture
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Figure 1 (a), (b) Process flow diagrams for pre-combustion capture with a physical solvent 
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(c) Single-stage membrane separation (d) Two-stage membrane separation
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Figure 1 (c), (d) Process flow diagrams for pre-combustion capture with a membrane 
 
3. Results 
3.1. Post-combustion capture with a chemical solvent 
Table 1 shows the summary of simulation result for post-combustion capture with a chemical solvent. 
CO2 purity removed from the coal combustion flue gas reached 99.9% mathematically. Thermal energy 
requirement for CO2 capture was 3.6 GJ/t-CO2. 
Main gas components except for CO2, that is Nitrogen and Oxygen, with low partial pressure are hard 
to dissolve into liquid in accordance with Henry’s law in low pressure gas of post-combustion capture, 
but CO2 dissolves into the solution with a strong chemical interaction between CO2 and absorbent, 
resulted in extremely high CO2 selectivity. 
Table 1. Estimated process data of post-combustion capture 
(Absorber) 
Feed gas volume at absorber 
CO2 concentration of feed gas 
CO2 concentration of flue gas from top 
Solvent circulation rate 
Liquid-to-gas ratio 
MEA concentration 
Lean solvent 
Rich solvent  
 (Stripper) 
Reboiler heat duty 
CO2 recovery rate 
 
[Nm3/h] 
[%] 
[%] 
[t/h] 
[kg/Nm3] 
[%] 
[mol-CO2/mol-MEA] 
[mol-CO2/mol-MEA] 
 
[GJ/h] 
[t-CO2/h] 
 
394x103 
12 
0.2 
1780 
4.5 
30 
0.22 
0.47 
 
330 
91.9 
CO2 purity 
CO2 recovery 
Thermal energy requirement 
[%] 
[%] 
[GJ/t-CO2] 
99.9 
99.0 
3.6 
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3.2. Pre-combustion capture with a physical solvent 
For the pre-combustion capture with a physical solvent, the effect of the pressure at the flash tank, 
“SUMPTANK”, was studied because its pressure affected both the recovered CO2 purity and the amount 
of recycled vapor, and the power for recycle gas compression.  
Figure 2 (a) shows the calculation results of CO2 purity and CO2 recovery. The CO2 purity decreased 
with increase of the pressure of the flash tank, but CO2 recovery stayed at about 95% for all cases. The 
flow rate of recycle loop gas stream from the flash tank to the absorber increased with decreasing the 
flash tank pressure. 
Figure 2 (b) shows the calculation results of energy requirements, which were normalized by the case 
of 99.1% in CO2 purity. In the figure, electric power means the sum of consumption and generation. 
Compressors, pumps and chiller require energy and turbines in the process generate electricity. Cooler 
means thermal energy to cool gas or liquid up to 30°C. The results showed that the higher CO2 purities 
required the higher power requirement and that power requirement increased steeply to obtain 99% of 
CO2 purity and much higher purity. With changing the target of CO2 purity from 99% to 95%, energy 
requirements could be reduced by 10%. 
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(a)                                                                                       (b) 
Figure 2  Effects of SUMPTANK operation on CO2 recovery and CO2 purity (a), and energy requirement (b). 
 
3.3. Pre-combustion capture with a membrane 
For the pre-combustion capture process with a membrane separation, both a single-stage membrane 
separation and a two-stage membrane separation schemes were evaluated.  
Table 2 shows the calculation results of CO2 and H2 product streams. With increase of separation 
factors, CO2 purity increased from 86.4% to 98.4%. Even if CO2/H2 separation factor attained 100 by 
development of a new highly-advanced membrane, an extremely high CO2 purity as achieved in post-
combustion capture could not been obtained.  
When the CO2/H2 separation factor exceeded 30, CO2 purity in the permeate stream of the single-stage 
separation was 95%. In the case of two stage separation reached 99.8% but the energy requirements 
became twice larger than those of the single-stage separation as shown in Figure 3. 
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Table 2 Calculation results of CO2 capture with a membrane 
   Single-stage Two-stage 
   αCO2/Η2=10 30 100 30 
  Syngas CO2 H2 CO2 H2 CO2 H2 CO2 H2 
Temp. 
Pressure 
Mass flow 
 CO2 
 H2 
 N2 
CO2 conc. 
[ºC] 
[MPaA] 
[kmol/h] 
 
 
 
[%] 
38.3 
3.84 
 
6045 
9161 
374 
38.8 
40.0 
1.03 
 
5440 
824 
34 
86.4 
40.0 
3.81 
 
604 
8336 
340 
6.5 
40.0 
1.03 
 
5440 
275 
11 
95.0 
40.0 
3.81 
 
604 
8886 
363 
6.1 
40.0 
1.03 
 
5440 
82 
3 
98.4 
40.0 
3.81 
 
604 
9078 
371 
6.0 
40.0 
1.03 
 
4896 
8 
0 
99.8 
40.0 
3.81 
 
1148 
9153 
374 
10.8 
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Figure 3 Comparison of energy requirements between single-stage and two-stage membrane separations 
 
4. Conclusion 
The effects of purity of CO2 recovered at CO2 capture processes, such as post-combustion and pre-
combustion capture processes, on energy performance were evaluated. Each CO2 capture technology has 
both advantage and disadvantage. Post-combustion capture is a realistic option to mitigate CO2 emission. 
It can be applied to low pressure flue gas and a captured CO2 stream is extremely high purity. However, a 
large amount of thermal energy is necessary. On the other hand, CO2 capture from a high pressure gas, 
pre-combustion capture, is expected to have energy and cost benefits, but containing impurities in CO2 
stream should be inevitable.  
Table 3 shows the summary of the simulation results. CO2 purity removed from the coal combustion 
flue gas reached 99.9% mathematically. In post-combustion capture processes high purity CO2 with the 
concentration of more than 99% was easily obtained, but the thermal energy requirement for CO2 capture 
was 3.6 GJ/t-CO2. In pre-combustion capture from IGCC syngas using a physical solvent, CO2 purities 
changed by operating conditions such as the pressure of a flash tank. Since energy requirement was 
steeply increased when the CO2 purity reached more than 99%, CO2 purity of below 99% will be 
reasonable for the physical absorption. The membrane also should be operated under not so high CO2 
purity condition to attain the energetic merit. Around 95% should be a reasonable CO2 purity. 
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Table 3 Suitable targets of CO2 purity for post- and pre-combustion captures 
CO2 capture technology  
Post-combustion capture 
with a chemical solvent 
Pre-combustion capture  
with a physical solvent 
Pre-combustion capture 
with a membrane 
- More than 99% is easy. 
- Reboiler heat duty is large. 
- 99% is possible, but energy requirement becomes large. 
- Less than 99% brings an energy advantage. 
- High purity is not economical. 
- 95% may be achievable by R&D progress. 
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